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Abstract.

The duration of anti-yellow fever (YF) virus immunoglobulin M (IgM) antibodies following YF vaccina-

tion is unknown, making it difficult to interpret positive IgM antibody results in previously vaccinated travelers. We
evaluated the frequency and predictors of YF IgM antibody positivity 3—4 years following YF vaccination. Twenty-nine
(73%) of 40 participants had YF IgM antibodies 3—4 years postvaccination. No demographic or exposure variables were
predictive of YF IgM positivity. However, persons who were YF IgM positive at 3—-4 years postvaccination had earlier
onset viremia and higher neutralizing antibody geometric mean titers at 1 month and 3-4 years postvaccination com-
pared with persons who were YF IgM negative. Detection of YF IgM antibodies several years postvaccination might
reflect remote YF vaccination rather than recent YF vaccination or YF virus infection.

INTRODUCTION

Yellow fever (YF) virus, a mosquito-borne flavivirus, is
endemic in tropical and subtropical areas of sub-Saharan
Africa and South America."” Humans can act as transient,
amplifying hosts for YF virus and play an important role in
its spread. In humans, the majority of YF virus infections are
asymptomatic. Clinical disease ranges from a mild, undiffer-
entiated febrile illness to severe jaundice and hemorrhage®;
the case-fatality ratio of severe YF is 20-50%. Because no
treatment is available, prevention of infection through per-
sonal protective measures and vaccination is critical. Yellow
fever vaccination is recommended for persons > 9 months of
age who are traveling to or living in YF-endemic areas.!

The YF vaccine is a live-attenuated viral vaccine. Primary
vaccinees typically develop a low level viremia, which abates
as anti-YF virus immunoglobulin M (IgM) antibodies develop
4-7 days postvaccination.! The IgM antibody levels usually
peak by 2 weeks postvaccination and decline over several
months.>* By 30 days postvaccination, 99-100% of vaccinees
will have YF virus-specific neutralizing antibodies that can
persist for decades.>>®

Testing of serum samples collected from ill travelers who
have returned from YF-endemic areas periodically reveals
YF IgM and neutralizing antibodies. Yellow fever IgM anti-
bodies have been documented in serum up to 18 months post-
vaccination.* In addition, several case investigations have
identified YF IgM antibodies in the serum of ill travelers
who had recently returned from YF-endemic areas and had
received YF vaccine > 2 years previously (CDC, unpublished
data). In these cases, it was unclear whether the YF IgM
antibodies resulted from recent infection with wild-type YF
virus or another flavivirus, or prolonged production of YF
IgM antibodies postvaccination. To aid in the interpretation of
positive YF IgM serology in vaccinated persons, we evaluated
the frequency and predictors of YF IgM positivity at 3—4 years
following YF vaccination.
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Rampart Road, Fort Collins, CO 80521. E-mail: estaples@cdc.gov
+These authors contributed equally to this work.
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MATERIALS AND METHODS

We enrolled 40 adults who received 17D-YF vaccine
(Sanofi Pasteur, Swiftwater, PA) during a clinical trial
conducted in 2006-2007 in Atlanta, GA (ClinicalTrials.gov
identifier: NCT00254826). The purpose of the original clinical
trial was to investigate the effect of coadministration of YF
vaccine and immune globulin on the amount of YF vaccine
virus present in the blood after vaccination and immune
response to YF vaccine (Edupuganti S, in press); YF IgM
levels were not tested as part of this clinical trial. All subjects
tested negative for West Nile, dengue, and YF virus IgG
antibodies and YF virus-specific neutralizing antibodies before
enrollment and were considered flavivirus-naive before YF
vaccination. Viremia was detected in all but one of the partici-
pants. Testing for YF virus-specific neutralizing antibodies in
samples collected in the first 3 months postvaccination occurred
in batches with each patient’s samples tested together (in paral-
lel). Yellow fever virus-specific neutralizing antibodies devel-
oped in all participants by 14 days postvaccination and were
present in all at 3 months postvaccination (last time point eval-
uated). No difference was noted in the viremia or immune
response between participants who received YF vaccine alone
and those who received YF vaccine with immune globulin
(Edupuganti S, in press).

In 2010, at 3—4 years following YF vaccination, we collec-
ted serum and tested it for anti-YF virus antibodies by
IgM antibody-capture enzyme-linked immunosorbent assay
(MAC-ELISA) and YF virus-specific neutralizing antibodies
by the plaque reduction neutralization test with a 90% cutoff
value (PRNTy).”® Testing of samples collected in 2010
occurred as a single batch for YF IgM and for YF virus-specific
neutralizing antibodies. The YF IgM testing was only per-
formed on samples collected at 3—4 years postvaccination. The
PRNT testing of samples collected at 3—4 years postvaccina-
tion was not performed with earlier samples. We defined
a positive YF IgM result as a positive to negative ratio (P/N)
> 3 on MAC-ELISA and a negative YF IgM result as a P/N
ratio of < 3. Seroprotection was defined as an YF virus
PRNTgO titer > 20.

To determine potential predictors of YF IgM positivity at
3—4 years postvaccination, a standardized questionnaire was
administered during the 2010 follow-up visit conducted in
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Atlanta, GA. Information was collected on demographics,
underlying medical conditions, travel, and flaviviral disease
or vaccination. Potential laboratory predictors of YF IgM
positivity at 3—4 years postvaccination were evaluated includ-
ing: 1) postvaccination viremia measured by a quantitative
Tagman real-time reverse transcription-polymerase chain reac-
tion [RT-PCR]9 on Days 0, 1, 2, 3, 5,7, 9, 11, and 14 post-
vaccination; and 2) YF virus-specific neutralizing antibodies in
serum collected on Days 2, 7, 9, 11, 14, 30, and 90 post-
vaccination. Categorical variables were compared using Fisher’s
exact tests and continuous variables using Wilcoxon rank sums
or Student’s ¢ tests. Persons with negative RT-PCR results were
assigned a value of 1 for calculation of mean log viremia; neg-
ative PRNT results were assigned a value of 1 for calculation of
geometric mean titer (GMT).

This follow-up study was approved by the Institutional
Review Boards of Emory University and the Centers for Dis-
ease Control and Prevention (CDC) and participants pro-
vided informed consent before enrollment.

RESULTS

Of the 40 participants, 22 (55%) were female (Table 1).
The median age was 32 years (range 22-44 years) and the
median time between YF vaccination and follow-up was
3.6 years (range 3.1-4.0 years). Study participants were gener-
ally healthy with only 2 (5%) reporting an autoimmune disease
(psoriasis and Raynaud’s syndrome) and none reporting other
potential immunosuppressive conditions or medications. No
participant reported being diagnosed with a flaviviral infec-
tion since receiving YF vaccine. However, 25 (63%) partici-
pants reported having traveled to a dengue-endemic country,

TaBLE 1

Demographic and exposure history of adults receiving yellow fever
(YF) vaccination, by YF immunoglobulin M (IgM) status at 3—
4 years postvaccination®

YF IgM positive YF IgM negative
1)

(N=29) N=1

No. (%) No. (%)

Female 14 (48) 8 (73)
Age group at follow-up (years)

20-29 10 (34) 6 (55)

30-39 15 (52 37

40-49 4 (14) 2 (18)

>50 0 0) 0 0)

Self-reported medical conditions at follow-up

Autoimmune disease 1 3) 1 9)
Hypertension 2 (7) 0 (0)
Dyslipidemia 1 3) 0 (0)
Hypothyroidism 0 (0) 1 9)
Lot of YF vaccine received
Lot 1 27 (93) 10 (91)
Lot2 2 @) 1 )
Immune globulin coadministered 15 (52) 6 (55)
with vaccine
Postvaccination exposures
Travel to YF endemic country 5 17) 4 (36)
Travel to dengue endemic country 16 (595) 9 (82)
Japanese encephalitis vaccine 2 (7) 0 (0)
Tick-borne encephalitis vaccine 0 0) 0 0)

*Univariate analysis revealed no significant differences (P < 0.05) between the YF IgM
positive and negative groups.

9 (23%) traveled to an YF-endemic country, and 2 (5%)
received Japanese encephalitis vaccine.

At 3-4 years postvaccination, 29 (73%) participants were
YF IgM positive with a median P/N ratio of 5.1 (range 3.0-
13.4) and 11 (27%) were YF IgM negative with a median P/N
of 1.6 (range 0.9-2.5). No demographic or exposure variables,
including vaccine lot used or immune globulin coadminis-
tration, were predictive of being YF IgM positive (Table 1).
Persons who were YF IgM positive at 3—4 years postvaccination
had an earlier detectable viremia (median 3 days postvacci-
nation, range 1-7) than those who were YF IgM negative
(median 5 days postvaccination, range 3-7) (P < 0.05). The
YF IgM-positive participants had a median peak viremia
of 2,253 genomes/mL (range 21-51,931) compared with
298 genomes/mL (range undetectable-41,244) in YF IgM-
negative participants. This difference was not statistically
significant (ratio of genomes/mL = 7.36; 95% confidence inter-
vals [95% CI] = 0.9-54.5). No difference was detected in the
time to develop seroprotective YF virus-specific neutralizing
antibody levels between the YF IgM-positive group (median
11 days postvaccination, range 9-14) and the YF IgM negative
group (median 11 days postvaccination, range 9-15) (P =
0.33). However, at 1 month postvaccination, YF virus-specific
neutralizing antibodies were significantly higher in the YF
IgM positive group (GMT 3,843, range 320-20,480) versus the
YF IgM negative group (GMT 1,060, range 40-10,240) (ratio
of GMTs = 10.3; 95% CI = 1.1-11.9) (Figure 1). At 3-4 years
postvaccination, YF virus-specific neutralizing antibodies were
still significantly higher in the YF IgM positive group (GMT 86,
range 40-320) versus the YF IgM negative group (GMT 27,
range undetectable—320) (ratio of GMTs = 10.0; 95% CI = 1.1-
11.6). Three (8%) persons lacked seroprotective neutralizing
antibodies at 3—4 years postvaccination; all were YF IgM nega-
tive. Finally, there was no correlation found between YF IgM
P/N ratios at 3—4 years postvaccination and time to detectable
viremia, peak viremia level, neutralizing titers at 30 days, or
neutralizing titers at 3—4 years postvaccination.
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Ficure 1. Yellow fever (YF) virus-specific neutralizing antibody
geometric mean titers (GMT) following YF vaccination, by YF virus
immunoglobulin M (IgM) status at 3—4 years postvaccination. Serum
collected at 2, 7, 9, 11, and 14 days, 1 month, 3 months, and 3-
4 years postvaccination
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DISCUSSION

Detection of anti-YF virus IgM antibodies is traditionally
used to diagnose recent YF virus infection. The finding of YF
IgM antibodies in almost three-quarters of primary YF vacci-
nees at 3—4 years postvaccination affects this interpretation
and could potentially impact both the public health response
and clinical management of a patient. Identification of YF
IgM antibodies in a symptomatic person in or near an YF-
endemic area often triggers an YF vaccination campaign and
vector control efforts. In non-endemic areas with vectors
capable of transmitting YF virus, such as the United States,"’
detection of YF IgM antibodies in an ill traveler could indi-
cate potential importation of YF virus and the need to moni-
tor for autochthonous transmission. If YF IgM antibodies
represent vaccination rather than disease, an alternative etiol-
ogy for the traveler’s illness should then be sought and clinical
management may need to be altered. In these situations,
obtaining an YF vaccine history becomes essential for appro-
priately interpreting and acting on positive YF IgM results.

At least three previous studies have documented YF IgM
antibodies from 2 to 18 months postvaccination, although
none have documented the cause of prolonged IgM produc-
tion.*112 Two of these studies only evaluated a total of
three persons > 2 months postvaccination and all were IgM
positive.*!? In the largest of the three studies, 13 (43%) of
30 primary YF vaccinees in Brazil had detectable YF IgM
antibodies at 100-349 days postvaccination.!! The lower pro-
portion of vaccinees with YF IgM positivity in Brazil com-
pared with our study might be caused by prior flaviviral
infection in the Brazilian subjects, as vaccinees with pre-
existing dengue IgG antibodies were less likely to develop
YF IgM antibodies following vaccination. This is consistent
with previous studies that have found IgM antibodies may not
develop after secondary flavivirus infections, or may develop
more slowly or persist for a shorter period of time when
compared with primary infections.'>™'°

There are several possible explanations for the presence of
YF IgM antibodies in the serum of persons 3-4 years
postvaccination. First, persistent infection with YF vaccine
virus may have resulted in prolonged IgM antibody synthe-
sis.'” In one recent study of 44 travelers, YF vaccine virus
RNA was detected in the urine of two subjects at 21 days and
6 months postvaccination.'® However, YF vaccine virus RNA
was not detected in urine of the remaining 42 persons tested
from 0-11 months postvaccination. Persistent infection has
also been shown in animal studies, including detection of
intracerebral YF vaccine virus in three of eight monkeys at
63-159 days post-intracerebral inoculation and detection of
YF virus-specific antigen in brains of mice at 7 weeks post-
intracerebral inoculation of YF vaccine virus.'”'® Second,
continuous presentation of viral particles by antigen pre-
senting cells could lead to antibody persistence as was
documented in a study that used synthetic nanoparticles to
mimic YF vaccine in the activation of dendritic cells by multi-
ple toll-like receptors.” Viral or antigen persistence also has
been suggested as a possible mechanism for the prolonged
production of IgM antibodies seen with other viruses, such as
chikungunya, Japanese encephalitis, and rubella.?*~? A third
possible explanation for prolonged IgM antibody synthesis is
an incomplete class switching either caused by alterations in
the vaccine virus because of the attenuation process or poten-

tial interference of the vaccine virus in the regulation or rec-
ognition of molecules needed for class switching.*>** Finally,
subsequent exposure to YF virus or a related flavivirus could
have caused IgM antibodies to persist or reform after infec-
tion.”> We did not, however, find a significant association
between being YF IgM positive and potential subsequent fla-
vivirus exposure (e.g., travel to a YF or dengue-endemic area
or flavivirus vaccination).

Although the reason for YF IgM being found in a large
proportion of YF vaccine recipients several years after vacci-
nation is unknown, our data suggest there is correlation
between YF IgM persistence and the initial viremia and
immune response. We found that individuals who were YF
IgM positive at 3—4 years postvaccination had earlier onset
viremia and higher neutralizing antibody titers at 1 month and
3—4 years postvaccination compared with those who were YF
IgM negative. Peak viremia, however, was not statistically
significant between the two groups. The lack of a correla-
tion between peak viremia and antibody response was also
observed in a previous study.?

Our study has certain limitations. Study participants were
healthy young adults who lived in the United States. Thus,
they might not be representative of all travelers or persons
living in YF-endemic areas, particularly in terms of exposure
to other flaviviruses either before or after vaccination.
Although no differences were detected in the exposure histo-
ries between persons who were YF IgM positive and negative,
we had limited travel information and therefore were unable
to quantify their potential risk of exposure to YF virus or a
related flavivirus. Additionally, we did not collect specific
information about where the participants resided between
vaccination and their follow-up visit. Therefore, it was not
possible to determine if participants had different potential
exposure risk for domestic flaviviruses. Finally, this cohort
was not tested for YF IgM antibodies between vaccination
and 3-4 years postvaccination. Therefore, we cannot deter-
mine if detection of YF IgM represents persistence versus
fluctuations in YF IgM antibody synthesis postvaccination.

Our results suggest detection of YF IgM in vaccinated per-
sons might represent previous YF vaccination rather than
recent infection with wild-type YF virus. To evaluate for a
recent YF infection versus previous vaccination, clinicians
should obtain a vaccine history in persons being evaluated
for possible YF disease. Persons with a clinically compatible
illness can be evaluated for infection by obtaining an acute
serum and testing for YF virus RNA by RT-PCR. Alterna-
tively, paired specimens can be obtained to look for a 4-fold
rise in antibody titers between acute and convalescent sam-
ples. Taking into account the vaccine history of someone
suspected to have YF disease is necessary to accurately inter-
pret YF serologic results, manage the case clinically, and
develop an effective public health response.
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